Recent studies have shown that UVB irradiation induces primary and secondary hyperalgesia in rats and humans peaking about 24 h after UVB exposure. In the present study we investigated the changes in galanin, substance P and c-fos immunoreactivity in rat DRG and spinal cord at the L5 level 2-96 h after UVB irradiation. UVB irradiation of the heel area in rats almost increased the skin blood flow two-fold 24 h after irradiation as measured by laser Doppler technique. UVB irradiation induced a significant reduction of the proportion of galanin positive DRG neurons for all time points, except at 12 h. In the spinal cord, UVB irradiation induced increased immunoreactivity for galanin in the dorsal horn, the area around the central canal and interestingly also in the lateral spinal nucleus 12-96 h after exposure. For substance P the proportion of substance P positive neurons was unchanged but UVB irradiation induced increased substance P immunoreactivity in the dorsal part of the spinal cord 48 h after irradiation. UVB irradiation also induced c-fos immunoreactivity in the dorsal horn and the area around the central canal 24 and 48 h after exposure. This translational model of UVB irradiation will induce rapid changes of neuropeptides implicated in nociceptive signaling in areas known to be of importance for nociception in a time frame, about 24 h after exposure, where also neurophysiological alteration have been described in humans and rats.
Introduction
Acute sunburn, caused by ultraviolet radiation, is a commonly experienced painful condition. The effect of ultraviolet radiation on skin is harmful in several ways and produces inflammation in the exposed area, characterized by discomfort, redness and sensitivity to touch. Experimental ultraviolet B (UVB) irradiation of the skin, in a sufficient dose, causes inflammation and mechanical hyperalgesia in the affected area in humans, rats and mice [2, 4, 5, 14, 43] . Polgár et al. [47] showed that three days after unilateral hind paw UVB irradiation, the latency of the paw withdrawal reflex was significantly reduced in both hind paws. Recent studies have demonstrated that UVB irradiation induces primary, as well as secondary hyperalgesia (both thermal and mechanical), in humans, peaking after 24-32 h. In rats, we have previously demonstrated a significant enhancement of cortical activity in the primary somatosensory cortex (S1) area evoked from both UVB irradiated (primary) and adjacent (secondary) skin areas, upon noxious mechanical and thermal stimulation [37] . Interestingly, the time course for the increased cortical activity in rat corresponds to the findings reported from human * Corresponding author.
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subjects [18] . Thus, it seems that the neurophysiological findings after UVB irradiation are similar in humans and rats, supporting the validity of the UVB irradiation method as a translational pain model [38] . However, the question still remains if the observed neurophysiological findings can be correlated to biochemical changes in structures known to be involved in pain signaling, e.g. dorsal root ganglia (DRG) and the dorsal horn of the spinal cord. In the present study, we therefore investigated the modulation of two different neuropeptides, the excitatory neuropeptide substance P (SP) and the inhibitory neuropeptide galanin, in DRG and dorsal horn after UVB irradiation of rat hind paw. Furthermore, we examined the distribution of the transcription factor, c-fos, which is a common activity marker in the nervous system. UVB irradiation will induce changes in the expression of peptides and proteins such as SP in the skin [14] , and c-fos [5] in the spinal cord. It has been reported that UVB irradiation of the hind paw will induce c-fos-immunoreactivity in rat spinal cord 48 h after irradiation. Whether UVB irradiation alone can induce c-fos expression within the nervous system is still unclear, since treatment in a hot water bath was used to induce expression after UVB irradiation [5] . SP is one of the most common neuropeptides found in DRG neurons; about 20% of small DRG neurons contain SP [22] . Peripheral inflammation induces an increase of SP immunoreactive fibers in the dorsal horn [26] and an increased synthesis of SP in DRG neu- rons [41] . An increased level of SP has been detected in skin nerve fibers in rat hind paw 24 h after UVB irradiation [14] .
The neuropeptide galanin is normally expressed in small DRG neurons, and is known to be involved in pain modulation [10, 36] . About 5% of the small sized DRG neurons in adult rats express galanin [25, 30] . However, it is assumed that galanin production is a dynamic process, which may involve up to 40% of the DRG neurons. The galanin produced will be transported to the afferent terminals, which are located in lamina II, of the spinal cord dorsal horn [30] . In addition, galanin is also present in interneurons predominantly located in lamina I and II [30] . In response to peripheral inflammation there is an increased expression of galanin in dorsal horn neurons and a decrease in the number of DRG neurons producing galanin [25, 36] .
The overall effect of UVB irradiation on skin is dependent on dose, exposed area [12, 18] and skin pigmentation [1, 46] , but as reviewed by Lopes and McMahon [38] the hyperalgesic effect has its maximum influence between 24 and 48 h after irradiation. This peak in sensory impact correlates with the erythema [4] , and also the inflammatory response in the skin [53] . In the present study we used the same animal model for UVB irradiation as we used when examining changes in the C-fiber evoked potentials/nociceptive signals (CO 2 laser stimulation) in the primary somatosensory cortex area 24 h post UVB irradiation [37] . We have characterized changes in immunoreactivity for the neuropeptides galanin and SP and also the activity of the c-fos marker in DRG neurons and in the spinal cord. Initially, we focused on changes occurring in the dorsal horn, but the analysis indicated that changes also occurred in the area around the central canal and the lateral spinal nucleus (LSN). The LSN is usually not included in similar studies even though there are reports indicating its involvement in pain transmission and modulation [49] . The chosen time frame was 2-96 h after UVB irradiation, and corresponds to the reported neurophysiological, neurochemical and behavioral changes reported in rats and humans [18, 37, 38] .
Materials and methods

Experimental animals
A total of 44 female Sprague-Dawley rats (Taconic, Denmark) were used in this study. Animals were divided into 5 experimental groups (n = 8 per group), and a control group (naïve, untreated rats; n = 4 rats, however both left and right sides were examined). Animals in the experimental groups were perfused and dissected 2, 12, 24, 48, or 96 h after UVB irradiation. All animals were housed under standard laboratory conditions. They received food and water ad libitum and were kept at a 12-h day-night cycle. The rats weighed approximately 225 g. Approval for this study was obtained in advance from the Lund/Malmö local ethical committee on animal experiments, a requirement by Swedish law.
UVB irradiation
Animals were anaesthetized with a mixture of fentanyl/midazolam (0.1 mg/kg, and 10 mg/kg i.p. respectively) administered as a single intra-peritoneal injection. This anesthetic regime was specifically chosen to avoid influences on c-fos activity [55] . The rats were then placed on their stomachs and covered with a UV opaque material with only the relevant surface (heel area of the right hind limb, plantar surface (Fig. 1a) ) exposed through a small opening (0.96 cm 2 ). The light source, an UVB narrowband PL-L/PL-S lamp, was positioned perpendicularly to, and 5 cm above, the exposed hind limb area. The UVB source used for all experiments consisted of a bank of four TL/01 fluorescent tubes (Phillips, UK, between = 305-315 nm, kmax = 311 nm, double pins spaced 2.8 cm) producing an even field of irradiation. All treated animals were exposed to 1.3 J/cm 2 of irradiation. The selected intensity has been reported to be just below the blistering threshold [37] . Because of the inherent fluctuation of UVB lamps, the intensity of the lamp was measured and the radiation duration calibrated before each treatment/irradiation session. In short, the UVB-lamp was left on for 3 min to allow the UVB intensity to stabilize prior to calibration, the UVB intensity was then measured using a Varicontrol UV/PDT meter and skin tester (Herbert Waldmann GmbH & Co. KG, Germany), the irradiation dose was averaged from four individual measurements in order to calculate the irradiation duration that would yield a dose of 1.3 J/cm 2 exposure of the animals.
Blood flow
In order to evaluate the intensity of inflammation, cutaneous blood flow was measured using a laser Doppler flow meter (Moor-LAB, Moor Instruments, UK) in awake animals. The blood flux was measured directly before UVB irradiation, as well as 24 h after. The laser Doppler probe was attached to the heel part of the hind paw on both left (untreated) and right (UVB irradiated) side. This skin area is hairless and thus provides a contact surface for the Doppler probe. An average of blood flux was calculated from three consecutive measurements (sessions of 10 s per measurement) from each hind paw. The blood flow for the UVB irradiated hind paws was compared to that for the contralateral side, as well as the measurements obtained from hind paws before UVB irradiation.
Tissue preparation and immunohistochemistry
The animals were killed 2, 12, 24, 48, or 96 h after UVB irradiation of the right hind paw. In short, animals received an i.p. overdose of fentanyl/midazolam administered as a single intraperitoneal injection and were transcardially perfused with ∼150 ml of room tempered saline (0.9% NaCl in distilled water), followed by 300 ml of ice-cold 4% paraformaldehyde (PFA), in 0.1 M phosphate buffer (pH 7.4). The spinal cord lumbar enlargement (spinal cord:L5), and corresponding dorsal root ganglia (DRG:L5) were carefully dissected, post fixed in 4% PFA for 1½-2 h. All tissues were cryoprotected in 25% sucrose solution until equilibrated, frozen on dry ice and sectioned at 16 m thickness using a cryostat (Microm GmbH, HM 560,Germany). The orientation of the tissues/tissue sections during sectioning was carefully noted and continuously documented for all spinal cords. Sections were mounted on Super Frost ® plus slides (Menzel-Gläser, Germany), and stored at −25 • C until immunostaining. All steps during the immunostaining procedure were performed at room temperature. Sections were hydrated in phosphate buffered saline (PBS) (0.01 M, pH = 7.4), incubated in blocking solution (5% normal goat serum in 0.25% Triton X-100 in PBS), for 1 h. This procedure was followed by primary antibody incubation over night. The following primary antibodies were used for staining of the spinal cord and DRG tissue: i) galanin, ii) Substance P, iii) c-fos, and iv) HuC/HuD, for dilutions see Table 1 . The following day, slides were rinsed in PBS followed by 2 h incubation with 4 ,6-diamidino-2-phenylindole (DAPI, a cell nuclear marker), goat anti-rabbit IgG Alexa 594 and goat anti-mouse IgG Alexa 488 (diluted in blocking solution) in light sealed chambers. In the final step, slides were rinsed in PBS and cover slipped using polyvinyl alcohol with DABCO ® (Fluka/Sigma-Aldrich, Switzerland). The specificity of the primary antibodies has previously been confirmed, galanin [28, 34] , substance P [27, 45, 52] and c-fos [13, 44] .
To establish the specificity of the secondary antibodies, incubation with omission of the primary antibodies was performed. 
Quantitative and qualitative analysis of immunoreactivity in DRG and spinal cord
We deliberately did not use contralateral sides as control for the immunohistochemical analysis in order to avoid any influence of contralaterally induced changes [47] .
Quantification of galanin, SP and c-fos immunoreactivity in DRG
To evaluate the proportion of galanin and SP-immunopositive neurons and their relative size, montages of 10X photomicrographs from DRG:L5 sections were captured using a fluorescence microscope (Nikon Eclipse 80i, Japan) connected to a DS-Ri1 digital camera (Nikon Instruments, Japan). In representative sections reflecting the overall labeling for DRGs exposed to the same experimental conditions (during immunohistochemical and quantitative analysis), at least 250 neuronal profiles positive for HuC/HuD, were counted. These neuronal profiles were consequently examined with regards to presence or absence of galanin-, SP-, or c-fos-immunoreactivity (Fig. 1b , and Supplementary Fig. S1 ). This allowed for determination of the proportion of neuronal profiles immunopositive for galanin, SP, or c-fos in the control situation and if these proportions changed after UVB irradiation. The use of neuronal profiles is just when the purpose is to examine changes between a control and an experimental situation [9] . Such changes were detected for galanin and SP (see below), and we thus proceeded to determine whether the changes occurred in small-sized or medium-to large-sized neurons. The individual cell diameters were calculated from the neuronal profile cross-sectional areas, in the individual profiles containing a visible nucleus, under the assumption that the neurons imaged were spherical (using NISElements 3.00 software (Nikon Instruments, Japan)). Neuronal profiles which had a diameter of <35 m were defined as smallsized, whereas neurons with a diameter of ≥35 m were classified as medium-to large-sized [7, 17] . The number of galanin or SP immunopositive neuronal profiles with a visible nucleus were determined and classified as small-sized or medium-to large-sized neurons.
Quantification of galanin and SP immunoreactivity in spinal cord
The density of galanin and SP immunoreactivity was quantified in spinal cord lumbar enlargement: L5 sections. In short, 6 spinal cord-sections/experimental group and animal (n = 8 animals for each experimental condition and n = 4 for the control animals in which both left and right sides) were examined qualitatively prior to quantitative analysis. Representative sections (i.e. of good technical quality/devoid of tears and folds, processed under the same conditions, and reflecting the overall labeling of spinal cords exposed to the same experimental conditions), one from each individual animal per experimental group were used for quantitative analysis. A photomicrograph of the spinal cord section immunostained for galanin or SP was captured under a 10X objective, using a DS-2 MV digital camera (Nikon, Japan) connected to a Nikon eclipse 80i microscope (Nikon, Japan). The density of labeling was measured from the captured images and described as a proportion of the total area analyzed, using the image analysis system, NISElements 3.1 software (Nikon Instruments, Japan). Two different regions of interest (rectangular shaped ROIs) were used to quantify the immunoreactivity; i) in the dorsal spinal cord area (ROI: 1200 × 1800 m) (Fig. 1c) , and ii) the area around the central canal (ROI: 1000 × 700 m) (Fig. 1d) , ipsilateral to UVB irradiation or in the control group. In each ROI, quantifications were made by measuring the immunoreactive area (for galanin or SP) in relation to the whole ROI area. Thresholds were set for each image at a fixed ratio of the mean background intensity for each of the markers (this was done individually by two researchers) to ensure that specific antigen labeling, but not unspecific background staining was quantified. The threshold for signal to background ratio for galanin immunofluorescence was set at 4,5 times above background and for SP immunofluorescence at 9 times above background intensity. The thresholds for individual markers vary due to variability in binding properties to their cognate antigen. In each ROI the fraction of galanin or SP immunofluorescent area above threshold was determined. In the dorsal spinal cord, ROI-measurements (using the larger ROI) were obtained from the dorsal horn area and the LSN area simultaneously in a first step (only quantifying the immunoreactive signal in the tissue delineated by the spinal cord border). Results from quantifications of the dorsal spinal cord area are reported as the dorsal horn + LSN (see Results). Furthermore, in a second step, the density of immunopositive area in the LSN was obtained by excluding the dorsal horn area from the measurements obtained in the first step. These results are reported as the LSN area.
Qualitative evaluation of c-fos immunoreactivity in spinal cord
Qualitative examination of c-fos immunoreactivity was performed using 6 sections for each animal per experimental group (n = 8 for each experimental condition and n = 4 for the control group in which both left and right sides were examined). After this, representative sections (i.e. of good technical quality/devoid of tears and folds, processed under same condition, and reflecting the overall labeling of spinal cord exposed to the same experimental conditions), one from each individual animal per experimental group were selected for further qualitative scoring analysis. In short, in each representative spinal cord section, one from each individual animal and experimental group, evaluation (with regards to distribution of c-fos immunoreactivity) was performed in 2 regions: i) the dorsal part of the spinal cord and ii) the area around the central canal. Photomicrographs of the spinal cord sections stained for c-fos were captured under a 20X objective, using a DS-2 MV digital camera (Nikon, Japan) connected to a Nikon eclipse 80i microscope. In these images the presence of c-fos labeled neurons was scored from+-+++ using a method for qualitative analysis modified from [3, 42, 48] : i) + none or very few neurons immunoreactive for c-fos; ii) ++ moderate number of c-fos positive neurons, and iii) +++ more frequent neuronal staining of c-fos. Fig. 2 . The increase in skin blood flow on the UVB irradiated side 24 h after irradiation (n = 24) was statistically significant (p < 0.001) as compared to before irradiation (n = 48). The skin blood flow in hind paws contralateral to UVB irradiation was unaffected after 24 h (n = 24).
Statistical analysis
Statistical analysis was performed using Kruskal-Wallis test, and Dunn's post hoc test was used to adjust for multiple comparisons. A p-value < 0.05 was considered statistically significant. All results presented in diagrams are depicted as box and whiskers diagrams indicating the median value. The box represents the 25th and 75th percentile and the whiskers represent the minimum and maximum values. All analyses were performed using Graphpad Prism ® 6.0a software (Graphpad Software Inc., USA).
Results
Effect of UVB irradiation on skin blood flow
The skin blood flow was significantly increased in UVB irradiated hind paws as compared to contralateral untreated paws. The increase was almost two-fold. The measurements from the contralateral paws had the same magnitude as the measurements obtained prior to UVB irradiation (Fig. 2) .
DRG
Galanin
In the control group, approximately 10% of the neuronal profiles showed immunoreactivity for galanin. This population of neurons (neuronal profiles containing a visible nucleus) could almost exclusively be classified as small-sized neurons (data not shown). After UVB irradiation the proportion of galanin immunopositive neuronal profiles was reduced to approximately 3.5%. This reduction was statistically significant (Figs. 3 and 5 a ) , for all time points except at 12 h. UVB irradiation did not affect the size-distribution of galanin positive neurons, which still, almost exclusively was present in small-sized neurons.
SP
About 16% of the neuronal profiles stained positive for SP in the control group. In this group the population of SP-positive neurons (neuronal profiles with a visible nucleus) could almost exclusively be classified as small neurons (data not shown). UVB irradiation did not change the proportion of neuronal profiles immunopositive for SP compared to control (Figs. 4 and 5 b) . UVB irradiation did not affect the size-distribution of SP positive neurons, which was still almost exclusively present in small-sized neuron.
C-fos
No c-fos activity could be detected in DRG sections from the control group. Furthermore, UVB irradiation did not induce any detectable c-fos activity in DRG tissue (data not shown).
Spinal cord
In spinal cord, the immunoreactivity for galanin, SP and c-fos was evaluated in three different areas: the dorsal horn, the LSN, and the area around the central canal.
Galanin distribution
Spinal cord sections from control rats displayed immunoreactivity for galanin in the superficial layers of the spinal cord dorsal horn ( Fig. 6a and Supplementary Fig. S2 ). After UVB irradiation there was an increased staining for galanin in the superficial layers of the dorsal horn of the spinal cord (Fig. 6b) , as well as an increased immunoreactivity for galanin in the LSN and the area around the central canal (Figs. 6 b, 7 ) . Galanin immunoreactivity in the examined areas was typically found in fibers, both in the control situation (Fig. 6a) and after UVB irradiation (Figs. 6 b, 7 , and Supplementary  Figs. S3 and S4 ). When the sections were analyzed quantitatively, using the larger ROI (dorsal horn + LSN area), it was found that the increase in immunoreactivity was time-dependent and was significant 24 and 48 h after UVB irradiation (Fig. 9a) . The quantitative analysis revealed that the increase in galanin immunoreactivity in the LSN area alone, was statistically significant 12 h and 24 h after UVB irradiation (Fig. 9b) . The dorsal horn area alone also showed a statistically significant increased immunoreactivity for galanin at 24 and 48 h (data not shown). Also for the area around the central canal there was an increased immunoreactivity for galanin after UVB irradiation, which was significantly increased 24, 48 and 96 h after UVB exposure (Figs. 7 a and c, 9 c) .
SP distribution
Spinal cord sections from control rats displayed localized SP immunostaining in the superficial layers of the dorsal horn and the LSN area (Fig. 6c) , predominantly in nerve fibers. After UVB irradiation there was an increase in SP immunoreactivity in the dorsal spinal cord area, when compared to the control (Fig. 6c-d) . After UVB irradiation the SP staining was still predominantly found in nerve fibers in the dorsal horn (Fig. 8a and c) , and in the LSN area ( Fig. 8a and b) . The quantitative analysis of SP immunoreactivity in the dorsal spinal cord area, revealed a significant increase in SP 48 h after UVB irradiation using the larger ROI (dorsal horn + LSN area) (Fig. 9d) . As indicated in the diagram (Fig. 9d) , the variation in immunoreactivity in the spinal cord at the different time points ) respectively, in DRG:L5 after UVB irradiation. In DRG tissue from the control group, the proportion of galanin positive neurons was about 10% of the population. After UVB irradiation the proportion was reduced to approximately 3.5% in all experimental groups. This decrease is statistically significant for all experimental groups except at 12 h, when compared to control DRGs (p < 0.001, n = 8 for all groups). The proportion of SP positive neurons in DRG was unchanged after UVB irradiation, and was about 16% at all time points examined (b). examined was rather large, but there was a tendency for normalization at the latest time point examined, 96 h. When the LSN area was evaluated separately using Mann-Whitney test for the 48 h time-point, we were able to detect significant differences between control and UVB irradiated animals. This was not the case when the dorsal horn area was analysed separately (data not shown).
C-fos distribution
The dorsal horn area and the area around the central canal got a higher score with regards to c-fos immunoreactivity at 24 and 48 h after UVB irradiation as compared to spinal cord sections from control animals (Figs. 6 e and f, 10 and 11 a and b ). The LSN area was devoid of detectable c-fos immunoreactivity both prior to, and after UVB irradiation. Staining for c-fos was sparse in the dorsal horn and the area around the central canal in sections from control animals (Fig. 6e) .
Discussion
The present study indicates that UVB irradiation will induce biochemical alterations in DRG and spinal cord within a timeframe where neurophysiological alterations in humans [18] and rats [37] have been reported. These findings are also in line with previous findings concerning the time frame of hyperalgesia, in the UVB irradiation model, peaking between 24 h and 48 h [38, 53] . In the present study we could detect a reduction of the proportion of galanin positive neurons (i.e. neuronal profiles) in DRGs at all time-points examined (2-96 h) after UVB irradiation, whereas the proportion of SP positive neurons did not change. In the dor- sal part of the spinal cord, increased immunoreactivity for galanin was detected 24 h and 48 h after UVB irradiation. In the LSN area, the increased immunoreactivity for galanin occurred slightly earlier, at 12-24 h. In the area around the central canal the increased galanin immunoreactivity was more prolonged, between 24 and 96 h. The results for SP immunoreactivity indicated an increase in the dorsal part of the spinal cord but the variations at the individual time points were rather large, thus the results should be interpreted with some caution even though there was a significant difference detected at 48 h.
The method used to induce inflammation, UVB irradiation, will increase skin blood flow as early as 12 h in humans [2] and after 2 h in rats [14] . In the present study, we choose to evaluate the effect of UVB irradiation on skin blood flow 24 h after irradiation and at this time point the skin blood flow had almost doubled which is in accordance with our previous data [37] . In response to ultraviolet radiation small nerve fibers will release different types of neuropeptides, including SP. This neuropeptide has been characterized as an initiator of neurogenic inflammation, increasing vessel dilation, permeability and plasma extravasation [31] .
An interesting finding in the present study was the observed increase in galanin/SP immunoreactivity in the LSN area after UVB irradiation. Usually, when changes in neuropeptide immunoreactivity or expression are studied after nerve injury or induced inflammation, evaluation of the LSN area is not included and only changes occurring in the dorsal horn are reported. The LSN belongs to the spinal funiculus tract, and its role in nociception is poorly understood [49] . Anatomical studies have suggested that the dendrites of the LSN neurons are arborized and located in the dorsal horn and at the pial surface [50] . Thus, neurochemical alterations within the spinal cord dorsal horn [11, 24] as well as in the cerebrospinal fluid [56] , may affect neurons in the LSN area. This area do contain NK-1, one of the receptors for SP [49] . In this context, it is not surprising that we could detect SP positive nerve fibers in the LSN area, and that the immunoreactivity for SP was increased in the LSN at a specific time point, 48 h. Others have also reported that SP is a neuropeptide commonly found in this part of the lumbar spinal cord [6, 32] . The SP found in LSN during normal conditions may have two sources: local synthesis and projections from the dorsal horn area [15, 21] . It has been suggested that primary afferents project to the LSN [35, 49] . It is not unlikely that a source of the increased galanin/SP immunoreactivity in the LSN, observed in this study, is from these primary afferents. A tentative explanation for the increased galanin/SP immunoreactivity in the LSN could be an increased release of galanin/SP after inflammation [25, 41] from the primary afferents that has been suggested to project to LSN [35, 33] .
The complexity of galanin function is well established. Galanin has been described as a nociceptive regulator in inflammation and analgesia [31, 36] . It has been suggested that endogenous galanin has a tonic inhibitory nociceptive function [30] . The complex function of galanin is reflected by the fact that galanin is usually upregulated in DRG neurons after nerve injury and in animal mod- els related to neuropathic pain, but downregulated in inflammatory pain models as in induced arthritis, for an extensive review see [30] . The regulation of galanin expression during other conditions also seems complex. In vitro experiments using primary cultured DRG neurons indicated that galanin expression increases after administration of capsaicin, which is related to the activation of the transient receptor potential vanilloid receptor type 1 [33] . The complexity of modulation of galanin expression after injury is further demonstrated in experiments where the nuclear factor kappa B was inactivated in glial cells, such inhibition would lead to reduced galanin expression in DRG neurons in a sciatic nerve injury model [57] . Furthermore, it has been demonstrated that nuclear factor kappa B is upregulated after nerve injury [20] .
During normal conditions about 5% of the small sized DRG neurons contain/express galanin [25, 30, 36] . In response to peripheral inflammation there is a decreased level of galanin in DRG neurons and a reduction of the number of galanin positive neurons, but an increase in galanin mRNA positive neurons in the dorsal horn [25, 36] . Our findings indicate a greater proportion of DRG neuronal profiles staining positive for galanin in the control situation. However, it has been shown that the galanin synthesis is a dynamic process, involving up to 40% of the DRG neurons under normal conditions. The galanin produced will be transported to afferent terminals in lamina II [30] . The findings in the present study indicate a very rapid decrease in DRG neurons, after UVB irradiation (already after 2 h) suggesting that these neurons may release/export its galanin content to the dorsal horn and the LSN area. This is supported by the findings of increased immunoreactivity for galanin in these areas, and may imply that galanin is a rapid regulator involved in nociceptive signaling. An alternative explanation for the observed increase in galanin immunoreactivity in the dorsal horn is that it occurs in spinal interneurons. It has been reported that interneurons predominantly located in lamina I and II contain galanin [30] .
It has been proposed that galanin has a dual role, being both pro-and anti-nociceptive, during inflammation. Initially to facilitate pain transmission via DRG neurons, and later to block pain signaling via dorsal horn neurons [36] . This complex role of galanin is supported by the findings in our previous [37] and present studies where UVB induced inflammation will induce early neurophysiological alterations but also will induce very rapid neurochemical changes within areas known to be involved in nociception. Rapid modulation of galanin has been reported to occur in the lateral hypothalamic area 4 h after peripheral inflammation [31, 54] and in lumbosacral DRGs 4 h after acute urinary tract inflammation [16] .
The increased immunoreactivity for galanin observed in the area around the central canal is not surprising. This area has been reported as a convergence area, receiving nociceptive information from primary afferent fibers [23, 40, 49] . Ultrastructural studies have reported presence of wide dynamic range neurons in lamina X and these neurons receive input from A∂ and C fibers. Galanin positive neurons have also been detected in the area around the central canal [25] . The quantitative analysis revealed that the immunoreactivity for galanin increased 24 and 48 h after UVB irradiation (a). These differences were statistically significant as compared to control animals (p < 0.05; p < 0.01). When the LSN area (b) was quantified separately, the increased immunoreactivity was statistically significant 12 and 24 h after UVB irradiation (p < 0.05; p < 0.01). In the area around the central canal increased immunoreactivity could be detected 24, 48 and 96 h after UVB irradiation (p < 0.01; p < 0.001). UVB irradiation induced an increased SP immunoreactivity in the L5 dorsal spinal cord area as indicated by the greater median values. However, the variations were large and the only significant difference compared with control animals where at 48 h after UVB irradiation (p < 0.01).
UVB irradiation induced increased immunoreactivity for SP in the dorsal part of the spinal cord and 48 h after exposure the difference was significant. This finding can be explained by an increased synthesis of SP in the DRG neurons as a consequence of peripheral inflammation [41] . SP immounoreactivity is found in small sized neurons in the DRG, which project to lamina I and II [21] . In contrast to our findings of an increased SP immunoreactivity in the spinal cord, Polgar et al. reported a decreased immunoreactivity for SP in the lumbar part of the spinal cord analyzing a singular time point, 4 days, after UVB irradiation [47] . However, our findings indicate that SP immunoreactivity has a dynamic pattern over time, i.e. an increased immunoreactivity was detected for SP at 48 h, followed by tendency of normalization at 96 h. It is well established that stimulation of C-fibers induces release of neuropeptides, which trigger neurogenic inflammation. SP will induce vascular permeability and vasodilation [31] and it has been suggested that SP is involved in the hyperalgesia related to sunburn. Furthermore, it has been stated that UVB irradiation elicits sensitization of nociceptors [38] .
The examination of c-fos activity in the nervous system is a commonly used method in pain related research [19] . In response to peripheral painful stimulation, c-fos expression is detected mainly in areas related to pain: the superficial layers of the dorsal horn, lamina V and the area around the central canal of the spinal cord [39, 49] . Our results show an increased c-fos immunoreactivity at 24 and 48 h post irradiation in the dorsal part of the spinal cord and in the area around the central canal. Bishop et al. [5] reported an increased c-fos activity in the spinal cord 2 h after a hot water bath treatment of the hind paw, 48 h post UVB irradiation and concluded that UVB irradiation facilitated the expression of c-fos. In contrast to the previous report, in our setup we could detect c-fos activity without the hot water bath treatment and the present study indicates that UVB irradiation alone can induce c-fos expression. This discrepancy may be explained by the fact that different anesthetics could influence c-fos immunoreactivity [8, 55] . Takayama et al. [55] recommend the use of fentanyl/midazolam, which was used in the present study, and to avoid urethane. Other reports have demonstrated that also ketamine influences c-fos immunoreactivity and therefore should be avoided [29, 51] . In addition, it has been demonstrated that urethane reduces peripheral edema [8] . Our findings of c-fos activity in the area around the central canal after UVB irradiation is in concordance with Rea [49] who demonstrated that different noxious stimuli induced c-fos activity in this area.
This study indicates that the UVB irradiation model will induce rapid biochemical changes in the nervous system in areas related to pain signaling. The changes occur within the time frame where neurophysiological alterations are reported [18, 37] . The changes include an excitatory neuropeptide, SP as well as on inhibitory neuropeptide, galanin. Especially the changes observed for galanin occurs within hours. We are not aware of any previous studies where the distribution of galanin has been analysed in the nervous system after UVB irradiation. The UVB irradiation model is a useful translational pain model, and can be used to study neurophysiological changes but also biochemical changes within the nervous system. The approach to define biochemical changes can be used to evaluate different experimental treatments, before they are confirmed in neurophysiological recordings, which are both time consuming and complicated to perform.
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